Introduction: Metabolic syndrome (MS) is a major health problem, and has economic effects on enterprises. The workplace is thus an important environment for primary prevention of risk factors for cardiovascular disease. Objective: To determine the prevalence of MS and variables related to its development in hospital workers. Methods: We performed a cross-sectional study of 740 workers in a large university hospital. Socioeconomic variables, anthropometric and blood pressure measurements, and laboratory exams were analyzed. MS was defined according to the criteria of the International Diabetes Federation. Results: Of the 740 workers, 72.4% were female and mean age was 34.9±9.5 years; 27.8% worked the morning shift, 20.3% the afternoon shift, 34.1% office hours, and 17.8% the night shift. As to educational level, 86.6% had finished high school or college. Waist circumference was high in 55.4%. Overall MS prevalence was 12.8%, 16.2% in males and 11.6% in females. Logistic regression analysis showed an independent association between MS and the following variables: elementary education, period of employment >10 years, office hours shift, and age group. Conclusion: A diagnosis of MS was affected by age, educational level, work shift, and prolonged period of employment. Hospital workers do not differ from other populations and also need stimuli to make preventive changes to their behavior to modify cardiovascular risk factors. Document downloaded from http://www.elsevier.pt, day 13/01/2019. This copy is for personal use. Any transmission of this document by any media or format is strictly prohibited.
Introduction
In recent decades modern society has undergone a complex and dynamic series of changes in eating habits and in demographic, socioeconomic and epidemiological patterns, which have led to significant alterations in the panorama of chronic diseases, particularly cardiovascular disease. 1 Metabolic syndrome (MS) is the most common metabolic disorder in the modern world and is responsible for most cardiovascular events 2 and a significant rise in cardiovascular mortality. 3 The clinical importance of MS lies in identifying individuals at risk of cardiovascular disease and type 2 diabetes, enabling preventive lifestyle interventions. 4 Obesity contributes to hypertension, high total cholesterol (TC), low high-density lipoprotein cholesterol (HDL-C) and hyperglycemia, which are associated with greater cardiovascular risk. 5 The working population represents a large proportion of the general population. Most individuals in employment spend a large part of their day at the workplace. Enterprises are affected by the reduced productivity and increased costs caused by chronic diseases among their workforce and the resulting absenteeism due to illness. Obese workers suffer from physical work limitations, hypertension, type 2 diabetes, dyslipidemia and MS. 6 The workplace is thus an important environment for screening of chronic diseases and provides the opportunity for prevention programs based on the availability of occupational medical services.
Hospitals are an ideal environment to collect and disseminate information on quality of life and cardiovascular risk factors. Hospital workers are influenced by their work environment and also have a role as educators.
There are few data on the prevalence of MS among hospital workers. The aim of this study was to determine the prevalence of MS in this population and to identify related variables.
Methods

Study population
We performed a cross-sectional study of 740 workers aged between 18 and 69 years in a large university hospital who were given an annual medical exam. All signed a form giving their informed consent for inclusion in the study, which was approved by the Research Ethics Committee of Santa Casa Hospital, Porto Alegre, Brazil. Of the 5336 workers at the institution, 920 (17.2%) underwent their annual medical exam during the study period, and 740 of these were included in the analysis. Workers were scheduled for the exam according to the month of their birth. Managerial staff and those aged under 18 were excluded (Figure 1 ).
Study protocol
Study participants attended an interview at which a questionnaire was completed assessing the following socioeconomic variables: skin color (white or nonwhite, self-declared), educational level (elementary, high school or college, completed or not), work shift (morning shift 6 hours/day, afternoon shift 6 hours/day, office hours 8 hours/day, or night shift 12 hours on alternate days), period of employment (≤1 year, 1---3 years, 3---5 years, 5---10 years, or >10 years), and type of work (auxiliary, healthcare or administrative). Clinical and behavioral variables including hypertension, diabetes, dyslipidemia, heart disease, stroke, smoking, alcohol consumption and exercise were also recorded. Subjects were considered to be smokers if they were current smokers, irrespective of the number of cigarettes/day, ex-smokers if they had not smoked for at least 6 months, and non-smokers if they had never smoked. Individuals who drank any alcohol, irrespective of the amount, were considered positive for alcohol consumption. Those who took less than 30 minutes of exercise twice a week were considered sedentary.
Laboratory assessment
Lipid profile was assessed by measuring TC, HDL-C and triglycerides (TG) after a 12-hour fasting period. Lowdensity lipoprotein cholesterol (LDL-C) was calculated by the Friedewald formula 7 : LDL-C=(TC−HDL-C−TG)/5. TC, TG and blood glucose were measured by automated enzymatic methods and HDL-C was determined by direct enzymatic colorimetry using an automated Advia® 1650 analyzer (Siemens, Tokyo, Japan). Participants were instructed not to undertake any vigorous exercise or to ingest alcohol in the 24 hours prior to blood sample collection.
Anthropometric and clinical assessment
Blood pressure was measured after 5---10 minutes rest with a duly calibrated BD ® sphygmomanometer with the subject seated and with the arm supported on a firm surface. A second reading was taken after 1---2 minutes and the mean of the two measurements was recorded.
Waist circumference was determined with the subject standing, breathing normally and without clothing in the abdominal region. The waist was measured midway between the costal margin and the iliac crest, using a 1.50-m flexible non-stretch tape measure with 0.5-cm divisions. Height was measured using an anthropometric scale with a maximum height of 2 m and 0.5-cm divisions, and weight using a Filizola ® mechanical anthropometric scale with a maximum capacity of 150 kg and 100-g divisions. Weight was determined with the subject wearing light clothing and without shoes. Body mass index (BMI) was calculated as weight in kg divided by height in m 2 . Subjects were classified according to the World Health Organization criteria 8 as normal weight (BMI<25 kg/m 2 ), overweight (25---29.9 kg/m 2 ) or obese (≥30 kg/m 2 ).
Diagnostic criteria for metabolic syndrome
The International Diabetes Federation (IDF) definition of the metabolic syndrome 9 was used: waist circumference ≥94 cm in men and ≥80 cm in women, plus any two of raised TG (≥150 mg/dl) or specific treatment for this lipid abnormality, reduced HDL-C (<40 mg/dl in men and <50 mg/dl in women or under lipid-lowering therapy, raised blood pressure (systolic ≥130 mmHg and/or diastolic ≥85 mmHg or treatment of previously diagnosed hypertension), or raised fasting plasma glucose (≥100 mg/dl or antidiabetic medication).
Statistical analysis
International reference studies were used to calculate the sample size. These showed an approximate prevalence of MS of 25% based on population studies in the USA 10 and Mexico. 11 With a 4% margin of error and a 95% confidence level, a minimum of 451 subjects were required to estimate the prevalence of MS and of variables related to its development. The calculation was performed using Programs for Epidemiologists (PEPI) version 4.0.
Quantitative variables were expressed as means and standard deviation and categorical variables as absolute and relative frequencies. Pearson's chi-square test was used to assess associations between categorical variables, complemented by adjusted residual analysis. The Student's t test was used to compare continuous variables. 12 Logistic regression analysis was used to control for confounding factors and to assess factors that could be associated with the presence of MS. Variables with p-values <0.20 on univariate analysis were used in the multivariate model. 13 Variables that are components of MS (BMI, TC, hypertension, dyslipidemia and TG) were excluded from the model, as were those predicted by MS (diabetes and stroke), due to their colinearity with other variables. The level of significance established was 5% (p≤0.05). The tests were performed using Statistical Package for the Social Sciences (SPSS) 17.0 for Windows. Table 1 shows the characteristics of the study population, consisting of 740 individuals, 72.4% female, mean age 34.9 years. Most were white (80.1%) and had finished high school or college (86.6%). In terms of work shift, 27.8% worked the morning shift, 20.3% the afternoon shift, 34.1% office hours, and 17.8% the night shift. Regarding type of work, most were classified as healthcare workers. As for period of employment, 16.2% had worked ≤1 year, 27% 1---3 years, 13.1% 3---5 years, 21.2% 5---10 years and 22.4% >10 years. On the basis of BMI, 50.1% of the sample were overweight. In terms of lifestyle habits, 66.6% reported consuming alcohol, only 10% smoked and 64.7% took no regular exercise.
Results
More men (50%) worked office hours than any other shift and more women (30.2%) worked the morning shift than any other shift. Regarding type of work, 43.1% of men were auxiliary workers and 68.7% of women were healthcare workers. In terms of BMI, 69.3% of men were overweight or obese and 53.4% of women were normal weight. Figure 2 describes the components of MS by gender. The diagnosis of MS was confirmed in 95 individuals (12.8%), 16 .2% of the men and 11.6% of the women (p=0.121). Waist circumference was high in slightly over half the population (55.4%), with a female predominance (63.1% vs. 35.3%; p<0.001). Low HDL-C was the second most common component (23.8%), and fasting plasma glucose was high in 5.4% of the population. 
Discussion
In this study, the prevalence of MS in hospital workers was 12.8%. After adjusted analysis of risk factors, age, elementary educational level, office hours work shift and length of employment were statistically associated with MS. Using the IDF definition of MS, the prevalence of MS in the overall population was 12.8%, with no significant difference between the sexes (16.2% in men and 11.6% in women). A study in the USA 14 of 3601 individuals aged between 20 and 70 found a prevalence of 34.5% (33.7% in men and 35.4% in women), using the National Cholesterol Education Program Adult Treatment Panel III (NCEP-ATP III) definition and 39% with the IDF definition (39.9% in men and 38.1% in women). In Portugal 15 , a study of 16 856 individuals showed a prevalence of 27.5% (28.7% in women and 26.0% in men) using the NCEP-ATP III criteria.
A study of healthcare workers in Turkey 16 revealed a prevalence of 5.2% in women and 12.7% in men using the NCEP-ATP III definition. In a study of workers in a university hospital in the Brazilian city of Florianopolis 17 , the prevalence of MS using the IDF definition was 21.9% in women and 19.4% in men, while in 7256 workers aged between 20 and 60 at an automobile plant in Spain 18 it was 10.2% (8.7% in men and 3% in women) on the NCEP-ATP III criteria. A 2008 study of 992 railway employees aged 30---60 in India found a prevalence of MS by the NCEP-ATP III criteria of 27.03% (27.3% in women and 26.7% in men), and in a German study 20 of workers in a chemical company, using the IDF definition, MS was present in 23.5% of workers, with a higher proportion of men (30% vs. 9.7%). There is thus considerable variation in the literature concerning MS prevalence in the workforce, probably due to differences in the populations studied and in the definition of MS used.
In our study population, age and length of employment >10 years were significantly associated with greater risk for MS. Prevalence was 27.4% in the 41---50 age-group and 26.3% in those aged over 50. Among US adults the prevalence was 23.7% in the 20---69 age-group and 6.7% in the 20---29 age-group, increasing progressively up to 43.5% in the 60---69 age-group 10 . A population study in the Brazilian city of Vitoria 21 showed increasing MS prevalence with age, with a prevalence of 48.3% in those aged 55---64. In the above-cited study in Florianopolis 17 , the prevalence was 67.5% in the 40---49 age-group, while in the Indian railway employees 19 MS was strongly associated with age over 45. In a study of municipal workers in Izmir, Turkey 22 , there was a significant association between MS and over 10 years' employment (p=0.009). Increasing age and length of employment, together with the more modern lifestyles of these populations, lead to changes in eating habits and greater access to labor-saving goods and hence reductions in the physical effort required to perform tasks at home and at work; the result is energy imbalances and weight gain.
In this study a lower educational level (elementary education only) was significantly associated with MS. A study of professional and office workers in Bangkok, Thailand 23 , showed a higher MS prevalence in those with only a highschool educational level. A higher educational level, giving better access to information including newspapers and magazines and educational programs, can influence eating habits and improve lifestyle choices.
In the present study a significant association was found between MS and office hours work shift, and a greater tendency for MS in those working the night shift. A study in a factory in Buenos Aires 24 analyzed MS prevalence in those working the day shift (8 hours/day) and those on a rotating work shift (2 days of night shift followed by 3 days' rest). MS was more common in those on the rotating shift (17.2% vs. 10.7%; p<0.005). In a prospective study of 1529 workers in Belgian companies 24 , MS was more prevalent in those working rotating shifts than in those on day shifts (32.7% vs. 21.6%); those who spend more of their day at work tend to consume high energy but nutritionally poor foods, and longer working hours often imply greater sedentarism.
Study limitation
This was a cross-sectional study, i.e. one in which causal relations are established without demonstrating that there is a temporal connection between exposure to a risk factor and development of a disease. When their indications, advantages and limitations are borne in mind, such studies can make valuable contributions to advances in scientific knowledge.
Conclusion
We found that a diagnosis of MS in hospital workers was affected by age, educational level, work shift, and prolonged period of employment. Hospital workers need stimuli to make preventive changes to their behavior to modify cardiovascular risk factors.
